Journal de Mycologie Médicale 29 (2019) 375-377

Available online at

ScienceDirect
www.sciencedirect.com

s

Journal de

Mycologie

Elsevier Masson France

EM

www.em-consulte.com

Short communication

In vitro activity of carvacrol, cinnamaldehyde and thymol combined
with antifungals against Malassezia pachydermatis

Check for
updates

Activités in vitro d’associations de carvacrol, de cinnamaldéhyde et de thymol avec
des antifongiques contre Malassezia pachydermatis

K.B. Schlemmer“, F.P.K. Jesus®, ].S.M. Tondolo“, C. Weiblen®, M.I. Azevedo*,
V.S. Machado?, S.A. Botton ¢, S.H. Alves *", ].M. Santurio **

2 Programa de Pds-Graduacdo em Farmacologia, Centro de Ciéncias da Saiide, Universidade Federal de Santa Maria (UFSM), Santa Maria, RS, Brazil
b programa de Pds-Graduacdo em Ciéncias Farmacéuticas, Centro de Ciéncias da Satide, Universidade Federal de Santa Maria (UFSM), Santa Maria, RS, Brazil

€ Departamento de Medicina Veterindria Preventiva, Universidade Federal de Santa Maria (UFSM), Santa Maria, RS, Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 30 January 2019

Received in revised form 5 August 2019
Accepted 14 August 2019

Available online 19 August 2019

Malassezia pachydermatis is an important opportunistic agent of dermatitis and otitis in dogs.
M. pachydermatis is generally treated with topical therapies using combinations of antifungal,
antimicrobial and anti-inflammatory agents. We investigated the in vitro activities of carvacrol (CRV),
cinnamaldehyde (CIN) and thymol (THY) alone and in combination with antifungal agents (fluconazole,
itraconazole, ketoconazole, clotrimazole, miconazole, terbinafine and nystatin) against
M. pachydermatis. The assays were performed according to the Clinical and Laboratory Standards
Institute (CLSI), using Sabouraud dextrose broth and checkerboard microdilution. The mean fractional
inhibitory concentration index (FICI) showed primary synergies for the combinations carvacrol + nys-
tatin, thymol + nystatin, and carvacrol + miconazole (80%). In conclusion, the results obtained indicate
that the phytochemicals tested showed relevant in vitro anti-M. pachydermatis activity. Future in vivo
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experiments are needed to elucidate the safety and therapeutic potential of these combinations.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

The Malassezia genus includes 17 species [1], three were
recently proposed [2,3]. Malassezia pachydermatis, is a commensal
and occasional opportunistic yeast that is isolated from the skin of
wild and domestic carnivores, that may become pathogenic under
the influence of predisposing factors, and lead to the development
of dermatitis and otitis. These diseases are common in dogs and
less frequently in other animals [4].

Malassezia dermatitis and otitis usually require treatment with
high doses of azole drugs for prolonged periods [5-7]. These drugs
are combined with antibiotics and glucocorticoids to control
concurrent bacterial infection and inflammation [6,7]. Clinical data
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also suggest that azole treatments may be ineffective in preventing
fungemia in humans [8] and relapse in animals [6] most likely due
to the occurrence of strains that are resistant or less susceptible to
these drugs. This fact supports the development of new therapies
for use in clinical practice.

Phytochemicals isolated from essential oils are effective
alternatives to inhibit microbial pathogens [9]. The interest in
isolated monoterpenes has grown over the past several years,
particularly for carvacrol and thymol, which show significant
biological activities, including antibacterial, antifungal [10],
antiviral [11], antioxidant [12], and anti-inflammatory [13]. Cin-
namaldehyde is also an effective inhibitor of the growth of
bacteria, yeast and filamentous moulds [14]. The association
between essential oil components and antifungal drugs demon-
strated a synergistic effect on growth inhibition [15].

Therefore, investigations of the actions of carvacrol, cinnamal-
dehyde, and thymol alone or in combination with antifungal
agents against M. pachydermatis are warranted.
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Table 1

In vitro activity and combinations of carvacrol, thymol, cinnamaldehyde and antifungals against 30 Malassezia pachydermatis isolates.

MIC range MIC50 MIC90  Drug MIC associated FICI mean range Interpretation (%)
(GM) (pg/ml) combimation  range (GM) (g/ml) (GM) (pg/ml)

Phytochemicals Syn Ind Ant
Carvacrol (CRV) 10-320 (64.98) 80 160 CRV +FLZ 1.25-160 (9.33)+0.25-32 (1.66) 0.125-4.062 (0.46) 53.3 433
Thymol (THY) 10-640 (66.50) 80 160 THY +FLZ 1.25-160 (9.62)+0.25-32 (1.44) 0.031-1.125 (0.42) 46.6 53.3
Cinnamaldehyde 2.5-640 (12.89) 10 40 CIN+FLZ 1.25-40 (6.64)+0.25-16 (0.79) 0.066-12 (0.73) 26.6 70.0
(CIN)

Antifungals CRV+ITZ 1.25-160 (9.18)+0.016-1 (0.02) 0.07-3.083(0.53) 333 666 0.0
Fluconazole (FLZ) 1-64 (9.40) 4 64 THY +ITZ 1.25-160 (7.57)+0.016-0.5 (0.02) 0.093-4.52(0.54) 366 600 33
Itraconazole (ITZ) 0.015-4 (0.08) 0.06 0.5 CIN+ITZ 1.25-160 (4.66)+0.016-0.125 (0.02)  0.007-16.52 (0.85) 30.0 56.6 133
Ketoconazole (KTZ)  0.0039-1 (0.02) 0.15 0.25 CRV +KTZ 1.25-160 (10)+0.016-1 (0.02) 0.25-6.006 (1.29) 233 36.6 400
Clotrimazole (CTZ) 0.03-64 (4.50) 4 32 THY +KTZ 1.25-160 (8.50)+0.016-0.25 (0.02) 0.078-8.006 (1.27) 20.0 40.0 40.0
Miconazole (MCZ) 0.03-64 (8.96) 8 32 CIN +KTZ 1.25-160 (5.48)+0.016-0.062 (0.02)  0.093-6.006 (1.55) 233 300 46.6
Terbinafine (TRB) 0.03-64 (2.57) 2 32 CRV+CTZ 1.25-160 (4.35)+0.063-8 (0.57) 0.039-2.062 (0.27) 700 30.0 0.0
Nystatin (NYS) 4-64 (41.26) 64 64 THY +CTZ 1.25-160 (6.01)+0.063-4 (0.46) 0.039-3 (0.29) 70.0 300 0.0

CIN+CTZ 1.25-40 (3.15)+0.063-8 (0.52) 0.064-2.125(0.52) 40.0 600 0.0
CRV+MCZ 1.25-160 (3.96)+0.063-8 (0.89) 0.023-3 (0.21) 80.0 166 33
THY +MCZ 1.25-160 (4.25)+0.063-8 (0.87) 0.031-2.031(0.25) 70.0 300 0.0
CIN+MCZ 1.25-40 (2.17)+0.016-8 (0.72) 0.039-2.003 (0.31) 66.6 333 0.0
CRV+TRB 1.25-160 (22.44)+0.125-16 (0.29) 0.019-5 (0.68) 300 66.6 33
THY +TRB 1.25-160 (21.43)+0.125-16 (0.67) 0.062-2.5 (0.89) 233 700 6.6
CIN+TRB 1.25-40 (8.31)+0.125-8 (0.29) 0.046-4.5 (0.97) 166 700 133
CRV +NYS 1.25-160 (4.06)+0.125-16 (1.86) 0.023-2.015 (0.18) 80.0 20.0 0.0
THY +NYS 1.25-160 (3.15)+0.25-32 (3.10) 0.035-4.003 (0.17) 80.0 16.6 3.3
CIN+NYS 1.25-20 (2.22)+0.25-64 (29.17) 0.062-1.25 (0.31) 70.0 300 0.0

MIC: minimum inhibitory concentration; GM: geometric mean; MIC, 50: minimum concentration of antifungal capable of inhibiting the growth of 50% of the isolates; MIC 90:
minimum concentration of antifungal capable of inhibiting the growth of 90% of the isolates; FICI: mean fractional inhibitory concentration index; Syn: synergic; Ind:

indifference; Ant: antagonism.

2. Materials and methods

A total of 30 M. pachydermatis strains were tested. Twenty-nine
M. pachydermatis strains were isolated from dogs with otitis, and
CBS 6542 was included as a reference strain. The identities of the
isolates were confirmed using PCR [16,17]. Total DNA extraction
was performed according to the method described by Sugita et al.
[16] An average of 437 bp fragment of the Internal Transcribed
Spacer (ITS) was amplified by ITS1 (5-TCCGTAGGTGAACCTGCGG-
3’) and ITS4 (5'TCCTCCGCTTATTGATATGC) primers, as described
by White et al. [17] The amplified fragments were analyzed ona 1%
agarose gel, followed by purification, and sequencing.

The isolates were stored at —80 °C until the time of use. Before
performance of the tests, the isolates were subcultured on Dixon
agar supplemented with Tween 80.

Carvacrol (CRV, Sigma Aldrich, USA), cinnamaldehyde (CIN,
Sigma Aldrich, USA) and thymol (THY, Sigma Aldrich, USA) were
diluted in ethanol (3.2 x 10% pg/ml stock solution) and Sabouraud
Dextrose broth (working solution). Terbinafine (TRB, Bristol-Myers
Squibb Pharmaceuticals Research Institute, USA), nystatin (NYS,
Bristol-Myers Squibb Pharmaceuticals Research Institute, USA)
ketoconazole (KTZ, Janssen Pharmaceutica, Brazil), itraconazole
(ITZ, Janssen Pharmaceutica, Brazil), clotrimazole (CTZ, Bayer
Schering Pharma, USA), miconazole (MCZ, Labware, Brazil) and
fluconazole (FLZ, Pfizer, USA) were diluted in dimethyl sulfoxide or
distilled water to generate stock solutions.

Susceptibility tests were performed based on CLSI broth
microdilution M27-A3 [18] protocol with modifications proposed
by Cafarchia et al. [19]. Interactions between the antifungal drugs
and CRV, CIN and THY were evaluated using the broth microdilu-
tion checkerboard method [20], and the lowest fractional
inhibitory concentration (FIC) was calculated for each agent by
dividing the MIC of each drug used in combination by the MIC of
the drug alone. FIC values were then summed to determine the
fractional inhibitory concentration index (FICI) resulting from the
combination. Synergy test results after 72 h of incubation at 32 °C
were interpreted according to the lowest FICL. Interactions were

determined as follows: FICI < 0.5, synergism; FICI > 0.5 to <4,
indifference; FICI > 4, antagonism [21].

3. Results

The in vitro susceptibilities of the 30 M. pachydermatis isolates
are listed in Table 1. The MIC values for the antifungal drugs and
phytochemicals are presented as a range, geometric mean, MIC
50 and MIC 90.

Table 1 shows the percentages of synergism, indifference, and
antagonism that resulted from the combinations of CRV, CIN or
THY with antifungal drugs against the M. pachydermatis strains.
The highest synergistic interaction (80.0%) based on the MIC values
was observed for the following combinations: THY + NYS,
CRV +NYS and CRV +MCZ. The other combinations produced
synergistic interactions that ranged from 16.6% to 70.0%. The
highest percentage of indifference (70%) was observed for
CIN + FLZ, THY+ TRB, and CIN +TRB. The highest antagonistic
effects were detected from the combinations CRV + KTZ, THY + KTZ
(40.0%) and CIN + KTZ (46.6%).

4. Discussion

Similar to previous findings, our susceptibility results (Table 1)
showed high in vitro antifungal activity for the tested drugs
[22,23]. Our individual MICs for CRV, CIN, and THY ranged from
2.5 to 640 pg/mL and are in accordance with the MICs described in
studies that used essential oils (EOs) with a high percentage of
these compounds against M. pachydermatis [24,25]. Many studies
have demonstrated that EOs and their isolated compounds
achieved their effects by inhibition of membrane ergosterol and
signalling pathways involved in yeast to hyphae morphogenesis
[9,15,26]. In addition, one study of Saccharomyces cerevisiae
demonstrated that THY, and most prominently CRV, affected
Ca?" and H" homeostasis and the “Target of Rapamycin” (TOR)
signalling pathway, which resulted in the loss of viability [27]. A
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previous study demonstrated that CRV and THY inhibit ergosterol
biosynthesis and consequently affect cell membrane integrity [26].

The results of the present study provide the first demonstration
of synergism between CRV, CIN, and THY in combination with
antifungal drugs against M. pachydermatis. The highest synergistic
interactions (80%) were observed for CRV + NYS, CRV + MCZ, and
THY + NYS. The combination of THY + NYS was also evaluated
against of Candida species. The thymol presented synergistic effect
when combined with nystatin and the mechanism was related to
the inhibition of ergosterol formation and/or an increase in cell
permeability [15]. The same mechanism was hypothesized for the
in vitro synergism observed for CIN +FLZ against Aspergillus
fumigatus and Trichophyton rubrum [28].

In conclusion, we have demonstrated synergistic interactions
for combinations of CRV, CIN or THY and antifungal agents, what
makes promising invest in in vitro and in vivo research for
assessing the potential use alone or in combination with antifungal
drugs against M. pachydermatis.
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